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The  cylindsra  are  cast  in  pali^a  and  aro 
4-3/8"  X  4-3/4".   The  piatona  ara  of  the  trunk 
type,  each  fitted  with  three  cast  iron  snap 
rings  near  the  upper  end,  ao  as  to  make  a  snug 
fit,  preventing  the  leakage  of  gases  into  the 
crank  case. 

The  valvea  are  of  the  muahroom  type 
and  conically  seated.   They  are  operated  by 
cams  fitted  with  tapered  pins  to  the  cam  shaft. 
They  are  forced  to  their  seats  by  helical 
springs  on  the  stems.   The  crank  shaft  is  driven 
by  a  one-to-two  spiral  gear. 

CARBURATION 
The  carburation  of  the  air  on  its  way 
to  the  cylinders  is  accomplished  by  means  of 
a  1-1/4"  Scheblor  carburetor,  model  '*D"  a  cut 
of  which  I3  shown  on  page  6.   The  bov^l  contains 
the  intake  and  float  chambers.   The  float  ia 
made  of  cork,  heavily  shellaced  and  is  hinged 
to  a  small  valve,  by  means  of  which  it  con- 
trols the  supply  of  gasoline  into  the  float 
chamber. 


A  Compenaation  air  valve 

B  Float  chamber 

C  Mixing  chamber 

D  Spraying  nozzle 

E  Needle  valve 

F  Float 

G  Reversible  union 

H  Float  valve 

J  Float  hinge 

K  Throttle  disk 


L  Float  chanber  cover 

M  Air  valvo  adjusting  screw 

N  Cork  gaaket 

0  Air  valve  apring 

P  Throttle  lever 

R  Pipe  connection 

3  Throttle  stop 

T  Drain  cock 

U  Float  valve  cap 

y  Flushing  pin 


FIG.  5 


Prom  ths  float  cha^iber  the  gaaoline 
is  dravj-n  throup-h  the  spraying  nozzle  by  the 
air  passing  it;  tie  mixtui-e  then  pasaea  into 
the  intake  pipe  of  the  engine.   The  needle 
valve  TThich  regulates  the  size  of  the  spray 
ia  seldom  opened  mo:-"9  than  three-fourths  of 
a  turn. 

For  low  speeds  the  air  for  the  mix- 
ture enters  through  a  notch  in  the  seat  of 
the  compensating  valve.   When  the  speed  in- 
ci-eaaos,  more  air  la  required  since  tho  flo\7 
of  gasoline  is  greater,  and  this  additional 
supply  is  drawn  througii  the  compensating 
valve  which  opens  against  the  resistance  of 
a  spring.   In  this  manner  an  approxirnatoly 
uniform  mixture  of  gas  and  air  is  secured  at 
various  speods.   The  gate  valve,  placed  near 
the  pipe  connection  to  the  engine,  acts  as 
a  throttle  to  the  passage  of  the  mixture  from 
the  carburetor.   The  butterfly  shutter  in 
the  air  intake  is  used  only  in  starting  the 
engine. 


By  almost  closing  it  a  very  rich  mix- 
ture is  socured  in  the  cylindsra  enabling 
the  engine  to  pick  up  mora  easily. 

IGNITION 
The  charge  in  the  cylinders  is  elec- 
trically ignitsd  by  the  higli  tension  jump 
spark  method.   Spark  plugs  are  screwed  into 
the  valve  chamber  and  are  fitted  with  two 
platinum  wires  one  of  which  is  connected 
to  the  storage  cells  through  an  induction 
coil,  the  other  being  grounded  on  the  engine, 
Three  sariea-connected  storage  cells  supply 
low  tension  current  which  pasBOs  through 
induction  coils  to  the  spark  plugs.   The 
induction  coil  transforms  a  current  of  only 
a  few  volts  into  electric  energy  of  higher 
tension  which  is  necessary  to  force  the 
spark  acrosB  the  gap  under  all  pressures. 
A  timer  is  placed  in  the  battery  circuit 
in  order  to  close  It  at  the  time  required 
for  proper  ignition. 


It  oonaista  of  a  rotating  and  stationary 
part.   The  stater  has  four  inetal  projections 
which  como  in  contact  with  the  rotor  as  it  re- 
volves.  Binding  pests  for  each  projection 
receive  tho  wires  leading  to  the  induction 
coil. 

The  time  of  ignition  may  be  varied  by 
a  slight  movement  of  the  atator  about  the 
rotot.   This  la  accomplished  by  means  of  a 
link  atta-jhed  to  the  stationary  part  and 
having  a  small  handle  on  its  other  end  which 
fits  in  a  slotted  arc  fixed  to  the  engine 
frame.   The  timer  rotates  with  the  cam 
shaft,  its  speed  of  rotation  being  one  half 
that  of  the  crank  shaft. 

LUBRICATION 
The  piston  and  crank  shaft  bearings 
are  lubricated  by  the  splash  system.   Oil  is 
poured  into  the  crank  case  to  such  a  level 
that  the  revolving  parts  dip  into  it  and  splash 
it  up  into  the  cylinder  bore,  against  the 
piston  and  upon  the  rubbing  parts. 


In  order  to  pravont  an  exces:?  of  lubri- 
cation a  hafflo  plate  is  screwed  into  tbe  upper 
part  of  the  crank  case. 

The  two  outer  main  bearinga  receive 
their  lubrication  from  two  conpreasion  greaae 
cupa.    The  rerr.aining  rubbing  surfaces  ars 
oiled  by  means  of  an  S-si.^ht,  force-feed 
lubricator,  manufactured  by  the  McCord  &   Co., 
Chicago, 

THS  MANOGRAPH 
The  manograph,  by  moans  of  which  the 
indicator  diagrams  were  photographed,  was 
manufactured  by  Hospltalier-Carpantier  of 
Paris.    It  deponds  upon  a  ray  of  light 
from  an  acetylene  burner  to  form  an  image 
on  a  ground  glass,  or  a  aensitivo  plate. 
The  diagrana  nuat  be  completed  In  at  least 
one-tenth  of  a  aecond  in  order  that  the 
eye  may  aeo  a  closed  figure.   TI  is  corre- 
sponds to  a  speed  of  1200  R.  P.  M. 


The  nanograph  as  connected  to  a 
multiple  cylinder  engine,  is  shown  on  page  3, 
On  the  14th  page  ia  shewn  a  eeoticn  of  the 
nanograph  itself.   The  box  la   mado  of  codar 
and  ia  light-proof.   It  ia  about  thirteen 
and  a  half  inches  long,  five  inches  wide, 
and  four  inches  deep.   The  acetylene  burner 
ia  placed  at  "L"  and  the  light  is  diffused 
through  the  hole  "E"  to  the  pin-hole  "O", 
(  Fig.  1  -  page  15.  )   The  distance  from  "C 
to  "E"  may  bo  regulated  by  hand;  also  the 
distance  "L  P**  is  variable.    In  order  to 
obtain  a  mora  int:5nso  lifht  than  can  be 
obtained  from  acetylene,  for  the  purpose 
of  photographing,  a  piece  of  nagnesia 
ribbon,  three  inches  long,  was  inserted 
into  the  acetylene  flame  through  the  hole  *•"' 

From  the  pin-hole  "0",  the  ray  of 
light  passes  to  the  prism  •*R'' ,  which  is  of 
flint  and  ia  totally  reflecting.   A  handle 
is  attached  to  the  prism  by  which  it  ^ay  be 


ao  placed  that  the  ray  of  light  may  ba 
focusod  on  tha  center  of  the  concave  nirror 
"M".   The  mirror  is  supported  on  three  points, 
one  of  which  ia  stationary  ("C-Fig.2)  page  15. 
The  piston  reducing  mechanism  is  connected  to 
"B"  while  the  pressure  diaphram  is  connected 
to  "A".   Since  the  flexure  of  the  diaphram  is 
not  proportional  to  the  pressure  in  the  cylinders, 
the  post  "A  B"  is  curved  so  that  the  motion 
of  the  mirror  in  a  vertical  direction  ia  pro- 
portional to  the  press-ore,  which  is  conimunicated 
to  the  mirror  through  the  flexible  copper  tubing 
"T",  and  the  diaphram  "D"  which  actuates  the 
link  "C.   The  diaphram  is  of  steel  and  has 
been  calibrated  by  the  makers.  (See  page  44 
for  calibration  curve).   The  copper  tubing 
should  be  aa  short  aa  practicable,  for  the 
extra  tubing  will  materially  increase  the 
clearance  volume  of  each  cylinder. 

The  horizontal  movement  of  the  mirror 
is  caused  by  the  nechaniom  shown  at  "G**. 
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A  flexible  shaft  drives  the  planetary  gear  "G" 
which  meshes  ?rith  the  pinion  to  which  the 
crank  and  the  rod  "F"  are  connected.   The 
relative  ratio  of  the  crank  to  the  connect- 
ing rod  is  the  same  as  that  used  on  the 
ordinary  auto  engine.   The  pinion  "G"  is 
operated  through  a  worm  gear  by  the  knurled 
screw  "S".   The  instrument  has  been  made 
so  that  the  obliquity  of  the  connecting  rod 
is  compensated  for,  if  the  explosion  end  of 
the  card  is  on  the  left  side.   The  flexible 
shaft  is  connected  to  the  engine  shaft  by  a 
universal  coupling. 

Considerable  difficulty  was  at  first 
experienced  in  getting  an  image  on  the  photo- 
graphic plate.   Finally,  by  using  magnesia 
ribbon  which  was  ignited  by  an  acetylene  flame 
and  developing  the  plate  by  a  special  method, 
fairly  satisfactory  resulto  wore  obtained. 
Sigma  dry  plates,  manufactured  by  the  Lumiore 
N.  A.  Co.,  Ltd.,  were  used  in  Premo  plate 
holders,  remodeled  to  fit  the  raanograph  box. 


The  plates  were  four  inchea  by  five  inches  and 
were  exposed  for  fifteen  seconds.   "Ideal" 
hydro -r.ethol  developing  powdere  were  used  and 
were  dissolved  in  twenty-eight  ounces  of  vmter. 
This  solution  was  weaken&d  in  the  proportion 
of  40  to  1.    The  plates  were  allowed  to 
stand  in  this  weak  developer  over  night  v.'hen 
six  ounces  of  the  ncrraal  solution  was  adied. 
The  plates  t? en  developed  in  thre?  to  four 
hours, 

METHOD  OF  PROCEDURE 
In  each  of  the  five  tests  mad©  the 
engine  was  allowed  to  run  for  five  or  ten 
Einutes  previous  to  taking  readings,  in  order 
to  obtain  contstant  condr'ticna.   During  the 
test  the  following  datn  was  recorded  at  five 
minute  intervals;  Prony  brake  load,  speed 
pressure  in  the  carburetor  and  temperature  of 
inlet  and  cutlet  coolinr  water.   The  gasoline 
draft  gauge  reading  and  the  weights  of  cool- 
ing water  were  noted  at  the  beginning  and  end 
of  each  run.    Three  tv/enty  minuto  runs  of 
varying  fuel  valve  openings  were  made  for  each 


of  the  the  first  four  apark  settings  given  on  the 
tining  sheet,  page  20.    The  fifth  test  was  made 
with  only  the  full  opening  of  the  valve. 

Indicator  diagraEs  were  photographed 
from  eachi  cylinder  during  the  full  fuel  valve 
opening  run  for  each  test,  irith  the  exception 
of  #1  in  which  they  wore  taken  when  th^e  valve 
was  in  Eid-poaition.   All  the  ganclire  used 
was  drawn  from  one  barrel  and  was  filtered  hefore 
being  poured  into  the  engine  tank.   The  brake 
load  was  held  constant  throughout  each  run. 
The  cooling  water  was  discharged  into  and  weighed 
in  a  large  weighing  tank,  set  upon  a  platform 
scale, 

DISCUSSION 

Considerable  preliminary  wc^rk  on  the  onpino 
was  necessary  as  it  only  pulled  about  throe 
horse  power  ir  previous  tests.    The  valves  were 
reground,  tho  engine  over-he.uled,  the  bearings 
taken  up  and  the  poor  spark  plugs  replaced  by 
othe  rs. 


The  suction  at  the  carburetor  was  found  to  be 
20  to  £4  inches  of  water;  showing  that  it  was  too 
small;  where  upon  a  Schebler  standard  1-1/4  inch 
carburetor  was  installed.   After  further  experi- 
menting, it  waa  decided  that  the  two  storage  ce''la 
of  approximately  4.2  volts  each,  did  not  give 
aufficientlj-  high  tension  spark,  and  therefore 
the  number  was  increased  to  four.   The  engine 
tl en  developed  its  rated  horse  power.    It 
was  found  necessary  to  maintain  the  voltage 
of  the  storage  cell;  nearly  constant  in  order  to 
insure  proper  ignition.   The  gasoline  tank  was 
calibrated  by  withdrawing  known  weights  of 
gaaclin©  fror"  the  tank  and  taking  corresponding 
readings  on  the  draft  gauge.    The  calibration 
curve  is  shown  on  page  50.   A  sotting  of  the 
valves  which  put  all  of  the  events  about  ten 
degrees  earlier  was  tried,  but  proved  unsatis- 
factory.  The  setting  as  given  on  page  PO,  was 
found  preferable  because  it  allowed  more  time  for 
the  burned  gases  to  escape  fron  the  cylinders. 

The  curves  on  page  33,  indicate  that  the 
engine  rune  more  econcrically  at  or  near  its  rated 
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load  than  at  light  loads.   This  is  true 
with  any  oponing  cf  the  fuel  valve.    The 
rat©  of  decrease  of  pasolino  ccnsuraption, 
however,  varies  with  the  opening  as  shcvm 
by  the  slopeB  of  curves,  I,  II  and  III,  t).33, 
3ach  curvo  approaches  a  horizontal  line  at 
hiph  loada.    The  same  discussion  cay  be 
applied  to  the  curves  on  page  32,  in  which 
the  economy  in  pound e  of  gasoline  per  brake 
horHepowor  per  hour  Is  plotted  against  the 
spark  load.    Th;  slight  difference  between 
these  two  sets  io  due  to  the  fart  that  the 
brake  horsepower  dcea  net  vary  directly  as 
the  spark  lead,  but  follows  the  law  as  shown 
by  the  curves  en  page  31,     The  thermal 
efficiency  -  B.  H.  P.  curves  on  page  30  in- 
dicate that  the  efficiency  varies  directly 
as  the  load  but  that  the  slopes  cf  tJ e  curves 
change  with  the  fuel  valve  opening. 

The  curves  indicate  the  the  results 
obtained  from  fuel  valve  openings,  2   and  3  on 


test  4,  wore  not  satiefactory.     This  was  due 
to  v^eak  "batteries  as  shown  by  tests  and  it  was 
also  noticeable  at  times  tbat  one  of  tbo  cylin- 
ders missed. 

The  curves  on  page  34  are  constant  horse- 
power and  eccnony  lineB.    The  intersection  of 
the  dotted  and  full  lines  shov;  the  rest  economical 
spark  and  fuel  valve  opening  for  any  desired 
horsepower.   The  maximum  horsepower  obtained 
was  22.5  with  an  e<-oncmy  of  .77  lbs.  of  gasoline 
per  B.  H.  P.  hour,  of  IFOOO  B.  T.  U.  per  B.  H.  P. 
hovir,  and  a  thermal  efficiency  of  16.8  ^;  the 
fuel  valve  was  wide  open  and  the  spark  about 
45^  E. 

The  calorific  value  of  the  gasoline  was 
taken  as  19500  B.  T.  U.  per  pound,  acccrdlnp  to 
Standard  Oil  Go's  tests,  and  since  the  v7ork  is 
all  comparative  the  exact  value  is  not  needed. 
The  specific  gravity  of  the  gasoline  was 
0.646.    Fuel  valvo  openings  I,  II,  and  III 
on  the  log  sheets  corresponds  to  numbers  5/8, 


2  and  3-3/8  on  a  vjocden  gauge  used  in  the 
laboratory. 

Indicator  cards  for  all  of  the  tests 
could  not  b©  obtained  cy;ing  to  the  difficulty 
in  getting  the  image  and  in  developing  the 
plates.    Pages  35  to  43  show  cards  for  sces  of 
the  tests.    Cards  marked  #1  -  #5,   =^5  -  #4 
and  #3  -  #5  weretaken  when  the  engine  was  run 
on  spark  setting  #5  and  fuel  valve  opening  ^2 
the  other  numbers  referring  to  the  cylinders 
1,  4  and  3. 

Card  #1-5  has  a  peculiar  loop  at 
its  exhaust  ond  which  ia  probably  due  to  a 
ir.omentary  back  pressure  or  to  a  second 
explosion  of  the  unburned  gases  remaining 
in  the  exhaust  chambers.   The  exhaust  valve 
for  cylinder  #1  opens  32  early  and  a  ir^orcent- 
ary  back  pressure  at  that  instant  may  have  in- 
creased the  pres-rure  so  that  the  hot  exhaust 
gases  ignited  to  unburned  gases.   The  cards 
for  cylinders  3  and  4  have  the  same  rise  at  the 


ezbaust  ond.    Card  #5  -  ^4  ahov/s  a  very  late 
ffiaxiKUE  preesure  due  to  slow  ignitlcn  of  the 
gas. 

The  igniter  card  taken  on  apark  ^ 
from  cylinder  #2  indicates  that  there  was  a 
dilute  mixture  in  the  cylinder  and  that  the 
explosion  took  place  near  the  end  of  the  stroke, 
although  the  setting  of  the  spark  was  22° 
early.   In  other  rospects  the  card  was  good. 
The  card  taken  from  cylinder  #4  also  repre- 
sents a  poor  mixture  which  ignited  very 
late.    The  drop  in  pressure  probably  r.eans 
that  part  of  the  compression  was  lost  through 
leakage. 

Card  #8  -  *1  13  a  fair  sample  of  gas 
engine  indicator  card.   The  sloplnp  explosicn 
line  shows  a  dilute  rfizture  in  the  cylinder. 
A  second  card  taken  on  spark  #8  is  on  page  41. 
It  v;a3  taken  from  cylinder  #4  and  ahcws  the 
effect  of  ueing  only  two  storage  cells  while 
three  had  be-n  used  previously  to  supply  the 
required. current  and  voltage. 


z? 


The  result  waa  that  the  cylinder  did  less 
work  since  alT  the  gases  did  not  ignite,  some 
escaping  unburned. 

When  the  suction  in  the  carburetor  is 
more  than  five  or  six  inches,  the  cylinders  do 
not  get  a  full  charge  due  to  high  vacuum  in 
the  cylinder.   This  fact  is  shown  by  the  cards 
on  page  42.   Both  cards  were  taken  from  the 
same  cylinder,  but  #3  waa  taken  when  the  suction 
was  four  inches  of  water,  while  #2  had  seven 
inches.   The  higher  explosion  came  from  #3  and 
it  also  shows  that  tho  cylinders  received  a 
fuller  charge,  which  fact  agrees  with  theory. 
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